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1o altl whom it maiy cmwe?%:

Be it known that I, THOMAS L. WILLSON, a
citizen of the United States, residing in Br ook~

lyn, in the county of Kmu*s and State of New
York, have mventeu certam new and usefal |

Improvements in Electric Locomotives, of
which the following is a specification.

This invention rela,tes to locomotives for
electric railways, its objects being to facili-
tate the starting and stopping of the locomo-
tive and to avmd waste of power.

My present invention constitutes in part
an improvement upon the construction of
electrie locomotives embodied in my applica-
tion for patent, Senal No. 398,382, filed July
3, 1891,

It is well known that locomotives require
the most power in starting from a state of
rest and that electric locomotwes consume
the least power at their highest speed by rea-
son of the fact that the electmc motor is un-
der such conditions generaling the highest
counter electro-motive force. The effect of
this counter electro-motive force is (with a
uniform electro-motive force on the circuit)
to reduce proportionately the quantity of cur-
rent traversing the armature. - While at rest

the motor generates no counter electro-motive

force, so that in order to start the locomotive
the current first passed through it encounters
only the internal resistance of the motor it-
self, which ordinarily is very low, so that a
current of undue volume traverses the motor,
thereby involving the danger of burning out
its armature, eSpeomlly if the latter be made
with a winding of wire, as ordinarily con-
structed. This danger is somewhat reduced
In ordinary praetice by the use of a resist-
ance-box,so thatwhen a current is first turned
onto the armature a resistance is interposed
sufficient to shut out from it a carrent so ex-
cessive as to be dangerous. The reduction
of the current by such a resistance, however,
1s objectionable for two reasons—first, that it
reduces the power of the motor at a time
when the most pewer is needed in order to
overcome the inertia of the load in starting,
and, second, because in the hands of theclass
of workmen who drive electric locomotives
there is liability that in manipulating the re-
sistance-box the coils may be cut cut of cir-
cuit too quickly in order te bring the car rap-

|

1dly to full speed thereby in many cases burn-
ing out the armature, this danger being es-
pe(,m,lly oreat when starting on an upgrade

| 1t is also “well known in the opelatlon of elec-

tromotors for power purposes that if the load
be entirely thrown off the motor and its ar-
mature permitted to revolve freely it gener-
ates a counter electro- motive force very
nearly equal to the electro-motive force of

the ecircuit, so that the current traversing it

1S 1educed to only that required to over-
come its own friction. It has Dbeen sug-
gested in some instances to introduce a fric-
tion-cluteh in the gearing interposed between
the armature-shaft and the driving-wheels of
an electric locomotive or car in order that
in starting the car the motor may be first
started with the clutch disengaged, and upon
its attaining full speed, and consequently gen-
erating its maximum counter electro-motive
force, it can be coupled gradually to the driv-
in D'-wheels by g radually applying the friction-
clutch, thereby starting the locomotive or car
without reducing the speed of the motor to
below or materially below its normal speed.
This method of operating the electromotor
presents important theoretical advantages,
which, however, have not thus far been real-
ized in pmctme so far as I am aware. It 1s
the object of my invention to provide an im-
proved construction and arrangement for this
purpose.

According to my invention the armature-
shaft of the electromotor isconnected by fric-
tion-gears or other equivalent gearing to the
duvmcr wheels of the locomotwe or car, and
the motor - armature is mounted to revolve
freely upon the armature-shaft, being con-
nected thereto while atwork tluouwh the me-
dium of one, or preferably two, friction-
clutches engaging the armature on the one
hand and the ar luatllle-shaft on the other.
According to the preferred construction for
heavy loeomotwes the field - magnet of the
electromotor hanns upon the ar mdture-sh%ft
in order that 1ts wewht may be effective 130
press the ‘J?rictiou-gears into tractive engage-
ment. According to another arrangement,
the friction-gears on the armature-shaft are
embraced befween iriction -
tion with the respective driving-wheels, the
latter being forced together by spring or other
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pressure and the weight of the field-magnet | of antifriction metal to afford a good bearing-

being supported directly from the framing of
the locomotive or through springs or other
intermediate supporters. In either arrange-
ment or by whatever system of gearing isem-
ployed the armature-shaftissubjected to con-
siderable frictional resistance, even when
transmitting only a light load, and to avoid
throwing this resistance upon the armature
while the locomotive is at rest I construct the
armature to turn freely upon the armature-
shaft, whereby it turns with the minimum of
friction, since being perfectly counterbal-
anced and subjected to equally-balanced at-
tractive strains it exerts no thrust in any di-
rection likely to generate frictional resistance
with the exception of the slight thrust due to
upholding its own weight.

Figure 1 of the accompanying drawings is
a side elevation of one form of my improved
electric locomotive. T'ig.2is a vertical trans-
verse mid-section thereof on the line 2 2 in
Fig. 1. Fig.3 isa transverse section through
the armature and friction elutch on the line
o o in Fig. 2. Tig. 4 is a sectional plan show-
ing a modification, and Fig. 5 is a side eleva-
tion of the gearing shown in Fig. 4.

Referring to Tig. 1, let A A designate the
driving-wheels of an electric locomotive; B B,
their axles; C C, the friction-wheels fastened
to or connected with them; M, the electromo-
tor; D, its armature-shaft, and E a friction-
wheel on said shaft in frictional engagement
with the wheels C C, so that by its rotation it
drives the latter wheels, and thereby the driv-
ing-wheels. The motor M is arranged with
its field-magnet I upright, presenting pole-
pileces above and below, between which re-
volves the armature G, as best shown in Fig.
2, The field-magnet or motor-frame T has
bearings at 1 f, engaging the armature-shaft
D, and the field-magnet frame is hung from
these bearings, so that its weight acts to press
the shaft D,and thereby its friction-wheels &
B, down into firm adhesive contact with the
friction-wheels C C of the drivers. The ar-
mature G has an iron core ¢ and winding ¢
oi segmental bars separated from one another
by insulating-layers, but naked on the outer
peripheral face of the commutator, where they
are swept by a series or gang of commutator-
brushes 0 b, so that the periphery of the ar-
mature constitutes the commutator-surfaces.
In running backward, brushes 0’ 3’ (shown in
dotted lines) are brought against the commu-
tator in place of the brushes b D.

The construction thus far deseribed is that
shown in my said application, Serial No.
398,382,

According to my present invention T mount
the armature G loosely upon the armature-
shaft D, so that it may turn freely thereon,
and 1 provide friction-clutches H Il for engag-
Ing the armature with the shaft. I will pro-
ceed to describe this construction in detail.
The armature G is mounted on a hub ¢, pro-

vided, preferably, with an inner bushing ¢’ |

surface against the shaft D. The hub ¢ 18
formed with a cone d, extending outwardly
from the middle toward one end ot the arma-
ture. Another like cone d’ extends to the op-
posite end and ismounted on the hub through
the medium of a key or spline, and serew-
bolts e e are provided for drawing the cones
together. Theconesactagainst an internally-
coned sleeve i, which is split so as to be ca-
pable of expansion. This sleceve is inserted
within the armature-winding, and by draw-
ing the cones d d” together it is expanded un-
til 1t forms a strong union therewith, aiford-
ing such an engagement as to effectually re-
sist any slipping around of the armature-ring
on the sleeve or of the sleeve on its cones.
An insulating-layer 4 is inserted between the
sleeve /i and the armature-winding. DBy the
construction deseribed the armature-core c«,
winding g, hube¢,conesd d’, and sleeve vare all
loeked or bound firmly together and constitute
to all intents and purposes onc part, which I
shall hereinafter designate the “armature.”
This armature turns freely upon the shaft D,
except when coupled thereto by the friction-
clutches II II, which in the preferred con-
struction are located within recesses in the
hub ¢ or in the cones d d’ thereof. These
clutches may be of any suitable construction
known to makers of friction-clutches, that
shown being awell-known construciion in use
for many years and Lknown as the “DBrown
cluteh.” It is constructed with a hub or car-
rier 7, keyed or otherwise firmly fixed to the
shaft I>. This earrier bears a sunitable num-
ber of friction-shoes & A, two, three, or four
in number, as may be found most desirable,
three being shown in IFig. 8. Kaeh shooe is
formed with a slide &/, sliding in a suitable
slideway formed in the carrierj, whereby the
carrier takes the lateral thrust of the shoes.
The outer or frictional faces of the shoes,
which In practice are ordinarily clothed with
a layer of wood or other suitable frictional
material, come into direct contact with the
inner faces of the cones d ’ of the armature.
1'0 force out the shoesinto frictional engage-
ment with the cone, they are forced apart
from one another by turning right and left
threaded screws [ /, engaging nuts or inter-
nally-threaded blocks m m, fitted in sockets in
theshoes. These serews are oscillated to ex-
pandorcontract theshoes by means each of an
arm n, the several arms being connected by
links pp toaslidingsleeve g, whichismovable
on the shaft D toward and from the carrier 7.
When moved toward the carrier to the posi-
tion shown in Fig. 2, the links p» » throw the
arms 7 7 to their outermost position, and
thereby oscillate the serews [ 7 to expand the
shoes and thereby cause the cluteh to engage
the armature. When the sleeve ¢ is moved

away from the carrier 7, the links are turned
to an angular position, whereby the armsnn
are moved slightly inward, thereby relaxing
the thrust of the screws againat the shoes and
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contracting thelattersufficiently to disengage | ference in speeds, until finally when the loco-

the clutch. The sleeve q is operated by a le-
ver 1, mcunted on a shaft I’, and the lower
arms of which constitute a fork, the ends of
which are provided with rollers ¢’, which en-
ter a groove in the sleeve g, so that by vibrat-
ing the lever the sleeve may be thrown to
elther position.

T'o operate the two clutches simultaneously,
the levers I of both clutches are connected
together, so that the operation of either one
will operate the other. To operate them con-
veniently, I provide hand - wheels J J’ on
shafts K K’ respectively, to one of which

-shafts one of the levers I is connected by an
‘arm L on the shaft, to which is pivoted alink

v/, engaging the lever, the other shaft being
in like manner connected to the opposite le-
ver by an arm L’. The connection between
the levers is made by a rod N, pivoted toone
lever at one end and at its other end pivoted
to an arm 1.7 mounted on the shaft I, so that
the arms L? and 1. constitute together a re-

versing - lever for transposing the motion

transmitted through the rod N. The oper-
ator can, therefore, by turning either hand-
wheel throw both clutches simultaneously
into or out of engagement. |

During the ordinary runningof thelocomo-
tive the armature is kept coupled by the
clutches to the shaft D,thereby continnously
revolving this shaft and communicating the
rotation through the friction-wheels E E at

1ts ends to the wheels C C of the drivers.

When it is desired to stop thelocomotive, this
may be done by torning off the current or by

interposing a resistance in the usual way and

by applying the brakes, or it may be done by

~applying the. brakes and disengaging the
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clutches, thereby freeing the armature from
1ts shaft and permitting it to run of itself at
whatever speed it will assume under the cur-
rent traversing it. The latter method will be
the preferable one for short stops. - The ar-
mature on being disengaged will acceierate in
speed until it reaches its typical speed, or that
at which the current traversing it is reduced
by the counter electro-motive force to only
sufficient to overcome the friction of the ar-
mature at that speed. Having found this
speed, it will continue to revolve at the same
speed during the stoppage of the locomotive.
T'o start the locomotive, the engineer will si-
multaneously throw off the brakes and move
the friction-clutches into partial engagement,
thereby throwing part of the load or resist-
ance to be overcome uponthearmature. The
frictional retardation to which the armature
is thus subjected will somewhat decrease its
speed, while its momentum will be made ef-
fective to exert a thrust through the clutches
inthe direction tostart thelocomotive. Itwill
then start the locomotive slowly and gently,
the speed of the locometive being gradually
increased, while that of the armature is gradu-
ally reduced, the slip between the members

motive has reached full speed and the arma-
ture has been retarded to its normal speed
the slip ceases, whereupon the clutchesshould
be applied with fall force to couplethe arma-
ture positively to the shaft. The engineer
should apply the clutches at first gently and
then with continually-greater force as the
speed of the locomotive increases, until when
full speed is reached the clutches should be
fully applied. If the clutchesareapplied too
rapidly, the armature will have its speed
checked too quickly, and its speed will be be-
low the normal by being coupled positively to
the shaft before the locomotive has attained
full speed, thereby cutting down the electro-
motive force of the armature to less than the
normal, and consequently causing it to be
traversed by too heavy a current. In start-
ing on an upgrade or with a heavyload some
such diminution of the armature speed be-
low the normal may be necessary in order to
cause the armature to exert a greater effect-
ive power than under normal running; bub
in no case should the armature be finally
coupled to the shaft until the locomotive has
been got under way and brought up to at
least a certain percentage of its normalspeed,
which percentage must be determined by ex-
periment to aseertain the conditions which
give the best results. |

My invention has the very important ad-
vantage that it enables power for overcom-
ing the inertia of the load to be stored up
prior to the instant of starting, since the arma-
ture constitutes,in fact,a fly-wheel of consid-
erable mass, and which by running free is
brought to a high speed, and the power there-
by aceumulated is then exerted upon the load
by a gradual frictional coupling action, which

amounts, practically, to turning on the load

by degrees.

By my invention the armature is made to
revolve freely without carrying with 1t any
gearing or other connecting parts which are
subjected to such thrustsoer frictional engage-
ment as to oceasion any considerable resist-
ance to the free rotation. It has been here-
tofore proposed to introduce a friction-cluten
in the gearing through which the motion of
the armature is communicated to the driving-
wheels in such manner that when the clutch
is diseonnected the armature still drives a
portion of the gearing interposed between it-
self and the ecluteh, and is thereby subjected
to the retardation due to the friction of the
shafts and gears which it thus entrains. Such
a construction would have in practice the dis-
advantage of throwing considerable work
upon the armature, which would reduce the
speed thereof in running free to a lower
typical speed than that at which it would tend
to run, thereby preventing the storing or ac-
cumulating of power in the momentum of
the armature to as high degree as is possible
by means of my invention. Applied to the

of the friction-clutch being equal to the dif- | construction shown in Iigs, 1 and 2, for ex-
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ample, such a system would involve that the
armature by being positively fixed upon its
shaft D would drive the latter continually
while the locomotive was at rest, thereby en-
countering the friction of the bearings 7 7, oc-
casioned by the weight of the parts Super-
posed thereon, which would constitute aheavy
drag to the armature and prevent its attain-
ing a high enough speed to make its accumu-
lated momentum very effective in restarting
the locomotive. Infact, with such a construc-
«lon the practical advantage of my invention
would be lost.

By my invention the use of a resistance-
box in starting and stopping the electric loco-
motive is superseded. I prefer, however, to
provide a resistance-boxin order to use it for
controlling the speed of the locomotive—as,
for example, to enable stronger currents to be
turned on when ascending a grade.

In the modified construction shown in Fig.
4 the arrangement is such that the friction-
wheel E on the armature-shaft (here lettered
E’) enters between the friction-wheels on the
drivers, (here lettered ¢/ C’.) 1In this con-

struction the frictional traction between the.

friction - wheels is due to the pressure of
springs S S acting against the axles of the
drivers and forcing them toward one another,
o that the friction-wheel E’is pressed be-
tween the wheels C’ /. The construction is
not otherwise altered, except that the field-
magnet K’ of the motor is carried by the lo-
comotive-frame T, instead of by hanging on
the armature-shaft D’. The construction of
armature G’ and friction-clutches II” I’ is
the same as already described with reference
to the armature G and elutches 1 IT.

It will be understood that I employ two
clutchesonly for purposes of symmetry andto
afford an equal distribution of the strain, it
being obvious that the use of one clutch alone
would come within my invention.

I claim as my invention the following-de-
fined novel features, substantially as herein-
before specified, namely:

1. In an electric locomotive, the combina-
tion, with the armature-shaft of the electro-
motor and gearing interposed between said
shaft and the driving-wheels, of the armature
mounted to revolve freely on said shaft, and

a friction-clutch adapted to wholly discon- |

nect the armature from its shaft or to gradu-
ally couple it thereto, whereby by disengag-

- 488,820

ing the clutch the armature may be caused to
revolve without load while the locomotive is

stationary, and thereby to store up power by
1ts momentum to be utilized in starting the

locomotive by gradually throwing on the load
through the medium of said cluteh.

2. In an electric locomolive, an electro-
motor having opposite friection-wheels on its
shaft and friction-wheels engaging them in
connection with thedriving-wheels,the weight

| of the motor hung from its armature-shaft,

whereby it serves to press said wheels into
frictional engagement, and the armature
thereof mounted to turn freely on said shaft,
in combination with a friction-cluteh inter-
posed between the armature and its shaft,
whereby the armature may be coupled gradu-
ally to the shaft.

o. In an electric locomotive, the combina-
tion of armature-shaft D, geared to the driv-
ing-wheels, armature G, mounted loosely on
sald shaft and having a recessed hub, and a
friction-cluteh II, having friction-shoes con-
nected to said shaft and engaging in the re-
¢ess 1n said hub. |

4. In an electric locomotive, the combina-
tion of armature-shaft D and armature G,
turning loosely thereon, two friction-clutches

- H H, engaging said armature to couple it to

the shaft, the operating-levers I1 for working
said clutches, and a mechanical connection
between said levers, whereby the operation
of either cluteh will simultaneously operate
the other.

5. In an electric locomotive, the combina-
tion of armature-shaft D, armature G, turn-

‘ing loosely thereon and constructed with a

hub ¢, having opposite cones d d’, and a di-
vided sleeve /i, expansible thereby within
the armature-ring, and friction-clutches I H,
having carriers 5 fixed to the shaft, and shoes
k k, carried by said carriers, said clutches
being located in recesses in the ends of the
armature-hub and provided with means for
expanding said shoes into frictional engage-
ment with the surfaces of said recesses.

In witness whereof I have hereunto signed
my name inthe presénce of two subscribing
witnesses.

THOMAS L. WILLSON.

W itnesses:
GEORGE [1. 'RASER,
CHARLES K. 'RASER.
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